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SUMMARY”

An investigation was made to detemine the effect of leadi~dge
flaps on the maximum lift coefficient of an IVLCA64-009 airfofl ~ to
compare the results with data obtained from previous tests of similarly
shaped flaps on ea NACA ~-012 airfoil (1’WCA‘IT?No. U2/”)’).The
investigation included tests of two l@percent-chord leaMn&edge flaps,
one intended to slide foqd along the upper surface and the other
h@ged at the center of the airfoil leading-edge radius and deflecting
from the lower surface. The flaps were tested on the plain airfoil and
on the airfoil with a trailing-edge split flap deflected 600. Data are
given to show the section lift characteristics for a range of flap

t and lift characteristics .deflection and the secticm pitchin&mmen
with lea-dge roughness for the optimum fla~ arrangements.

The results indicate that the upper-surface leading+dge flap was,
in general, a more effective high-lift device than the lowe~ace
le~dge flap, especially when used alone on the plain airfoil.. A
lead~dge flap of a given size and shape was found to be capable,
in general, of producing (for approx. equal smounts of effective camber)
the seineor slightly ~eater increments in the maximum lift coefficient
when attached to the >percent+hick airfoil rather than to the
12=percen_&thick airfoil.

,

b addition, it was found that deflecting either type of leading-
edge flap resulted in a forward movement of the aerodynamic center at
high angles of attack. With re~d to the effects of surface roughness,
the uppe~ace le~dge flap was eqyally as good .asthe lower-
surface le~dge flap even though the decrement in maximum section
lift coefficient due to roughness was lerger for the uppez-suzface
lead*dg6+f lap arrangement.

INTRODUCTION

The problem of obtaining adeq&te maximum lift coefficients on
highly swept wings has shown the need for a more thorough investigation
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of W types of leading-edge auxiliery hi~lift detices. Considerable
interest has recently develoyed in one of thess devices, the leadiq
edge flap, because it has possibilities as a high-lift device for use
on highly swept wings,for any wing on which the normal trailiqyedge
high-lift devices are ineffective, or for thin wings on which the proven
types of high-lift devices cannot be installed because of limited
thickness near the trailing edge.

The l~dge-fl.ap tiestigation conducted ’bythe National
Advisorg Cmmittee for Aeronautics and reported in reference 1 was
undertaken primarily to verify results obtained at the Deutsche
Versuchsanste.ltfiirm~ and reportedbyK&ter andIC&ger b
references 2 ~a 3, respectively. 5e initial investigation, there-
fore, was limited to tests on one airfoil similar in thiclmess and
thickness distributicm to that used in the investigations of references 1
and 2. The results (reference 1), in general, verified those obtained
by K6’sterand II&&er and showed that substantial increases in the maximum
lift coefficient accapanied by increases in the angle of attack for
maximnm lift could be obtained by the use of leading-edge flaps on the
TJACA6~~E airfoil section.

The present investigationwas made in order to detemnine the effect
of leading+dge flaps on”the maximum ltit coefficients of a thinner
airfoil. b order to correlate changes in flap effectiveness with -
changes in airfoil thichess, the lead~dge flaps used for the

t’
resent tests were similar in size and shape to those previously tested
reference 1) and were fitted to the a~oil in such a manner as to
obtain as closely as possible the camber of the best configuration
previously tested in reference 1.

The investigation, conducted in the Langley tw&dimensional 1-
turbulence pressure tunnel, included tests of an NACA @I-O@ airfoil
equipped wfth a lowe~ace flap hinged at the airfoil leading edge
and an etienaible type of uppe~ace leading-edge flap. Both types
of flap were tested individually and.in conibinationwith a trailiq
edge split flap.

.

SYMBOIS

% airfoil sectim singleof attack

c1 airfoil section lift coefficient (2/qe} ‘---”--.

cl--- maz3mum section lift coefficient
-JIln.s.

%/4 airfoil section pitc-cment

chord point of plain airfoil

coefficient about qzarteb

0

%/4

qca
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increment of section @e of attack for maximum sectim
lift coefficient due to le~dge-flap deflection

increment of maximum eectim lift coefficient due to 1~
edge-flap deflection

deflecticm of leadinp+e@ge flap,measured in clockwise direction
from the airfoil chord (zero when flap lies along surface),
degrees

deflectim of tiail~dge flap, positive when fla.ptrailing
edge moves downwara, degrees

chord of plain airfoil

Reynolds number

lift per unit span

moment per unit span about quarter+hwd point of plain
airfoil

mc pressure

MODEL

The model, which was constructed of steel, had a chord of 2J+inches,
a span of 35.5 inches, and was built to the contour of the IJACA64-009
airfoil. (See table I.) The 2Gpercen%hord trailing+dge split flap,
set at a deflection of 600 end used for some of these tests, was s~ated
by a prismati~ block of laminated mahogany attached to the lower surface
of the model as shown in figure l(a).

The l&percent-chord uppe~ace flap used for theee tests
s-ted an extensible type of flap wEhich,when retracted, was intended
to form an integral.pert of the airfoil leadlng edge and upper surface.
T?M profile of the first 45 percent of the flap was identical.in contour
to that of the plain airfoil from the leading edge to the A.fiercenfi
wing+hord station, and the remaining 55 percent of the flap was of true
circul~c contour. The flap could thus be extended by sliding it
slong a circular-arc track. The radius used to describe this circular
arc and the location of the center of curvature were chosen so that the
arc conformed to the contour of the airfoil upper surface between the
1.2~ercen%hord and k.~ercent-chord stations of the airfoil.
Because the erc described by this radius formed a part of the original
airfoil surface, the flap, when extended, faired smoothly into the
airfoil upper surface to produce a highly cambered airfoil as shown in
.
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figure 1. The sketches (fig. 2) show the ordinates, the relation of the
flap to the model, and the method of measuring the effective lo-psrcent
chord of the flap.

The lmm-surface leading+ dge flap was designedto rotate about a
single fixed pivot which waE coincident with the location of the center
of the airfoil leading-edge radius. The flap had a chord equal to
10 percent of the airfoil chord, a shape which confomed to the contour
of the airfoil from the &percen~hord to the g.k=percent-chord airfoil
stations, and a le~e radius equal to 0.6 percent of the airfoil
chord. Photogra@s of this flap attached t~ the airfoil with and without
th9 trail~dge split flap are presented in figure 3. A sketch showing
ths flap shape and the location of the flap relative to the airfoil is
shown in figure 4.

Both leading+edge flaps were constructed of ~-inch shad iron and
3.6

were attached to the model by six brackets equaJJ_yspaced across the
35.5-inch span of the model. The deflection of each leading-edge flap
was measured in a clockwise direction (figs. 2 and 4) frm the airfoil
chord.

Leading-edge roughness used for the tests of the plain airfoil end
the airfoil trailing-edge-flap configuration consisted of O.01-inch
Carborundum grains shellacked to the airfoil upper and lower surfaces
for a distance equal to 8 percent of the chord measured along the surfaces
from the airfoil leading edge. The roughness used for ths tests of the
lead~dge+flap
grains shellacked
of the flap upper

configurations consisted of similar size Carborundum
to the fk leading edge and to the forward 80 percent
surface. 7See fig. 3(a).)

METHODSANDTESrS
I

The tests were m@.e in the Langley tw~nsionsl-lowlmrbulence
pressure tunnel. The methods wed to obtain ail to correct the.data for
wind-tunnel=wall constriction and for the additional blocking effect of ‘
the model at high sngles of attack are fully expla~ed in reference 4.

The lift characteristicswere obtained for the model tith each of
the le~dge flaps alone and in combination with the trailing-edge
split flap deflected 600. ~epitc~nt c~acteristics for the ‘

‘ model in a smooth coniition and the lift cQaracte@_stics for the model .

in a rough condition are-presented only for the most favorable flap
settings of the variQu4 airfofl flap co~i~atio~. All tsats Wwre

made a-k a density of 0.0096 slug per cubic foot sad at a dynamic pressure
of approximately 70 pounds peg square foot. These values correspond to
a Reynolds number of 6.o x 10 and a Mach nmiber of 0.12.

———
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ACCURACY OF DATA

.

The yrobable error in individual test points as detemined frcm
check tests, consideration of the sensitivity of the measuring instru- i
menta, and the departure of points’from the faired curves is estimated
to be-within the following limits:

Over the linear portion of the lift curve:
C2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

%/4 ““””””””””””””:””””””””” ““”

~, degree . . . . . . . . . . . . . . . . . . . . . . . . .

Near marlmum lift coefficient:
cl- :. ..... . ● . . . ● . . . . . . ● . . . .* ● . ● * . .

%/4 ““”””””””””””””””*”””””” ““”

q, degree . . . . . . . . . . . . . . . . . . . . . . . . .

RISOLTSAID DISCUSSION

The section lift characteristics obtained from tests of the various
airfoil flap configuratidti are presented in figures ~ to 7. The varia–
tion of the increment of maximum secticm lift coefficient &

?Ulax*
of the increment of section amgle of attack for maximum section lift
coefficient ~ with lead@yedge+flap deflection is presented in

figure 8. The sectim pitch-merit characteristics of the plain
airfoil, of the airfoil trailing-edg-flap arremgement, aad of the opt-
airfoil lead~dge=flap arrangements tested are presented in figure 9.
The effect of le~dge roughness on the section lift characteristics
of tha airfoil with various srranganents of le~dge and trail-
edge flaps is shuwn in figure 10.

Lift Characteristics

The data presented in figures 5 to 7 show that le~dge flaps
of the t~e tested increased the maximum s9ction lift coefficient and
also the section angle of attack at which the madmnn lift coefficient
occurs● The maximum section lift coefficients, the angles of attack
at which the maximum section lift coefficients occurred, and the incre-
ments that were obtained for the various optimum configurations are
summarized intahle II. For purposes of comparison, the retits obta~ed
fram tests of an TWA ~141.2 airfoil equipped with similar flap

arrsmgements (reference 1) are also presented h table II.

-—...— .—-— — ———.—..—.——__— .— . .
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flap produces th9 greater part of these increases
angle of attack for c by reducing the

magnitide of the pressure peaks and the magnitude of the adverse pressure
gradient usually associated with the flow conditions nesr maximum lift
of the airfoil. Sane of the increase in lift is, of course, also
associated with ths effective increase in area caused by the flap
deflection. A mOre complete discussion of the maaner in which ths leadizg-
edge+flap installation produces these changes in the airfoil flap aero-
_c ctiacteri~ics is given in reference 1.

Uppe~ace flap.– The section lift characteristics are presented
in figure 5. The mexiwm lift coefficient, the angle of attack for c&,

~a the ticraments & k~~ae mmmsxized in table II. A

comparison of these results with those of reference 1 (also given in
table II) shvws that the maximum lift coefficients of the ~ercenfithick
and 12=percent-thick airfoil sections with the trailing-edge flap off
were essentially the ssme for approximately equal deflections of the
leading-edge flap. The increment of ~ section lift coefficient AC~x

for the >percen+thick airfoil.,however, was nearly twice as great as
that obtained for the M-percent-thick airfoil. This vsriation in Ac~

\

results fran the differences in the maxtmum 1~ coefficients of the two
airfoils with flaps neutral. The flaps were similar in size and shape
and the effective caniberof both airfoils tith flaps deflected was
approximately the same; however, the uppe~ace leam~e flap was
more effective as a hi~-lift detice on the +percent-thick airfoil
@an on the 12=percent=thick atrfoil.

An examination of the results (table IX) obtained frcm the leadi~
edge flaps when tested in conjunction with the traili~dge split flaps
shows that the difference (0.34) in c

L
of the +percen&thick and

12=percent+thick afioils was approxhnately the same as the difference
(0.37) fi cb of the airfoils with the trail~dge split flaps alone.

Since the corresponding increments in
C?max

resulting from the insta2la-

tion of the leadiqdge flap on either the ~ercent-thick airfoil or
the U2=percent-thick airfoil were about the same (0.84 and 0.81, respectively),
it can be concluded that this lea-dge flap yas equally effective on
both airfoils. However, when the traili~dge flap was deflected on the
NACA 64-oog airfoil, the effectiveness of the leading-edge flap did not
increase so mch as it did in the tests of the NACA 641-012 airfoil section. -

Lower-surface flap.– The section lift cbacteristics are presented
in figures and 7. The maximum lift coefficient, the angle of attack .

for c
k’

and the increments Acb~%= summarized.in

table II.
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.
Because the lower+urface lead~dge flap was located at a more

favorable position on the >percent-thick airfoil than the s~ flap
used on the 12-percent-thick afrfoil of reference 1, no direct comparisons
can be made between the two airfoil le~dg+flap configurations.
However, inasmch as ~s lowez=eurface leading-e~fl.ap installation
is similar to the upper-surface leading-edge+flap installation used on
both the >percent-thick and 12-percent-thick airfoils, all comparisons
will be made with respect to these uppe~ace leading-edge flaps.

A comparison of the results obtained from tests of the lower-surface
leading-edge flap on the NACA @O@ airfoil with those obtained from
tests of the u~er+urface le~dge flap on the NACA 6hl-012 airfoil

(table II) shows that the lowe~ace le~dge flap on the >percent-
thick airfoil, when used alone or in ca@i&tion with the trailing-edge
split flap, was capable of producing increments in c

& ‘d % which
were sli@Kly higher than those iihichcould be obtained with the upper-
surface lead~dge flap used on the U2-percent+thick airfoil. As a
high lift detice, therefore, either the uppe~ace or lower+urface
lead~dge flap was more effective on the thinner airfoil.

me data presented in figure 8, for the NACA 64-009 airfofi, show
that the increments in c& and “~ due to deflection of the lower-

surface leading-edge flap on the plain airfoil were not so large as.
those obtained with the upper-surface le~dge flap, even though the
effective cenber of the airfoil with the flaps deflected was somewhat
greater for the lower-surface lead@yedge-flap configuration. This
smaller increment in c is thou@t to be attributable to the

discontinuity in general contour of the upper.surface at the point of
intersection of the flap and the airfoil (fig. k) and to the smadler
curvature of this lower-surface type of flap, especially near the flap
leading edge. An examination of the data obtained when the lower-
surface le~dge flap was used in conjunction with the split
trailiq-dge flap shows that the incrments in c

& d % were
about the sam as those obtained from similar tests of the uppe~ace
leadin&edge flap. ‘I!husthe uppe~ace leading+dge flap, when
used on the plain NACA 6!-(IQ3airfoil, was more effective than the
lowez+mrface lead~dge flap; either flap, however, was equally
effective as a lift augmenter when used on the airfoil with the tra~
edge flap deflected 600.

Pitchin@loment Characteristics

A comparison of the section pitc~ t data obtained for the
NACA 6k-009 airfofi tith VaXiOUS w~ ts of the leading-edge and
trailing-edge flaps (fig. 9) shows that the adtition of either leading-

t coefficients $0 increase negativelyedge flap caused the pitch+~m
with increasing lift coefficient until the eagle of attack was approxi–
mately high enough for the flap to beccnneeffective. hthelifi.



8

coefficient is increased beyond
cients increase positively in a
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this point, the pitching+ument coeffi-
manner corresponding to a forward

position of the aerodynamic center with respect to the qparter-ohord
point of the @sin airfoil. Such a forward position of the aero-
-c center is consistent with the fact that area has leen added
ahead of the leading edge of the plain airfoil. The forward shift in
the aerodynamic center was slightly larger for the upper-surfac+flap
installation than for the lowe~ace-flap installation. The results
show that the increments in pitchingaoment coefficients which were
obtained from the addition of either of the leadi~dge flaps are
relatively smell in comparison with the increments resulting from
deflection of the conventional split trail~dge flay.

- A comparison of the present results with those of reference 1
shows, in general, that the character of the pitcmoment curves
tith leading-edge flaps deflected was about the same for both ai-rfoils.
The magnitude of the coefficients and the slopes of the curves for the
uppe~ace leadin&edge flap on the 12~erceniAhick airfoil were
slightly greater than those obtained for either the uppe~ace or
lower-surface le~dge flaps on the ~ercent-thick airfoil..

EE3?ects of Lead@@dge Roughness

The effect of roughness on the 1~ characteristics of the
TWA 64-009 airfoil with -VsJ?iousarremgements of leadi~dge emd
trailing+dge flaps is presented in figure 10. The decrements in ck
caused by the addition of roughness to the leading-edge flap were
approxhutely 0.4 when the upper-surface leading-edge flap was used alone
and approximately 0.2 when it was used in conibination~fiththe trailin&
edge split flap. (See fig. 10(a).) The corresponding decrements in the
maximum lift coefficient for the lower+urface leadiqdge flap in the
rough condition (fig. 10(b)) were about O.2 when the leadi~dge flap
was used either alone or in conjunction with the trail~e split
flap.

Although the decrements in maximm section lift coefficient caused
by le~dge roughness veried with the @e of flap, the actual.value
(rough condition) of the maxhmzm section lift coefficient was approxi-
mately the sane for both leading-edge-flap instdlat ions. ~S condi-
tion existed whether the leadin&edge flaps were tested on the plain
airfoil or on the airfoil equipped with the traili~dge split flap.
From these results and the fact that the highest madmmn lift
coefficients (smooth condition) were obtained with the upper+urf’ace
ledhg+dge flap, it can be concluded that the upper-surface leadi~
edge-flap installationwas equally as good, with regard to the effects
of surface roughness, as the lowe~ace leadi~dge-f lap installa-
tion even though the decrement in

C%lax
due to flap leading-edge

roughness was larger for the uppe~ace+f lap arrangement.

.
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.

A ccmrparisonof these results with those obtained for the upper-
eurface leadi~dge-flap configurations on the NACA ~-oil? airfoil

(reference 1) shows that the decrement in maximum lift for the upper-
surface leadi~dge flap yhen used alone was the same for both airfoils.
When the upper-stiace or luwe~ace leadiqdge flap was used in
ctiinat ion with the trail~dge flap, however, or when the lowe~
surface leadiqdge flap was used alone on the MACA 64-009 airfoil, the
decrement in c

%lax
was only on&half as large when the flaps were

instaXLed on the 9-percent-thick aitioil rather than on the 12-percent-
thick airfoil. This result indicates, in general.,that either type of
lead~dge flap was less sensitive to roughness when it was instelled
on the ~ercent-thick airfoil.

CONCILTSIONS .

An investigation, conducted at a Reynolds number of 6.o x 106, was
“made to detemnine the effect of lead~dge flaps on the maximum lift
coefficient of an NACA 64-009 airfoil and to cmpare the results with
data obtained fram previous tests of similarly shaped flaps on em
NACA 641-ow ~Ofl . The results of these tests show that:

1. The upper-surface le~dge flap was, in general, a more
effective high-ltit device them the lowe~ace lead~dge flap,
especially when used alone on the plain airfoil.

2. A le~dge flap of a given size and shape was capable, in
general, of prducing (for approx. equal emounts of effective camber)
the same or slightly larger increments in the maximum lift coefficient
when attached to the 9-percent=thick airfoil rather than to the
12-percent-thick airfoil.

3. The deflection of either type of leading-edge flap resulted in
a forward movement of the aeroiQnsmic center at high angles of attack.

4. The uppe~ace leadi~ flap~s equally as good, with
re~rd to the effects of surface roughness, as the lower-surface leadin&
edge flap even though the decrement in madmum section lift coefficient
due to ro’qjhnesswas larger for the uppe~ace leading-edge-flap
arrangement.

I=@ey Memorial Aeronautical lkborato~
National Advi.so~ Committee for Aeronautics

Langley Field, Vs.,,February.19, 1948 ~

.

r

-- —— .—.. ---- ——-. — .— ——_——



10

1. FuJ.Jmer,I?elicienF., Jr.: Tw*Dimensional Wind+hmnel bvestigation
Of the NACA ~~~ AiZ’fOfiEquiP~d with Two

Flap. NACA ~ NO. 1277, 1947.

2. Koster, H.: Messungen am Profil NACAE O 00 12 –
und I?asenspreiz~appe. UMltr. 1317, Deutsche
(Berlin~dershof), 1944.

3. KYiiger,W.: Systematische Windkmdm ssungen an
mit IVasenldappe. Forschungsbericht I&. lgk-8,
forschung (Gottingen), 1*.

Types of Leading~dge

0,55 45 mit S~eiz–
Luftfahrtforschun.g

einem Lsmimrfliigel
Deutsche Luftfdmt-

4. vonlloenhoff, Albert E., and Abbott, lRmnkT., Jr.: The Lengley TWO-
Dtinsional Low-Turbulence Presswe l?uqnel. NACA m No. 1283,
1947. I



, NACA~.~0* 1624

.

SL

Upper surface Lower surface

Station Ordinate Station Ordinate

o 0 0 0
●5 . 39

i
●5

i
-* ’39

●75 . 92 ●75 -. 92
1.25 1.128 1.25 -I..L28

1.533 -1.533
R 2 ● 009 ::; -2.009
5.0 2.109 5.0 -2.109

i?
7’95 z. 3 $? -2* 43
10.0 ;. $8 3-2. 98
15.0

H
15:0

n
-3* 5/

20.0
z

:6 20.0 -.
25.0 .170 25.0 J?- .170
30.0 30.0

?
5.0 ~:g~ $5.0 $fiij

h;:: 4:36
1!

4;:: -)+:36
50.0 4.13 5000 -4.13t
55.0 3.826 55.0 -3.826
60.0 $●: 60.0 y:?
65.0 65.0
70.0 ;:;:1 70.0 +;;1

8
5.0

8;:;
;:~:ij R: +%$

85.0
90.0 :611 90.0 -:611
95.0 0.227 95.0 - ● 227

100 100 0,

LOEOradiusg OC579

——. ._ .-. —.. ——. — —. — —-——— .——



-.

I-2 mm TNNo. 1624

TABLE II

SUMMARY OF RESUITS OBTKINEDIROM TESTS OF TIDZNACA 64-009

AI?DTEE NACA 6&’012 A3RFOlIlSEQIIWW!D WTIZE

TWO TYPES OF LFADIN~ FLKl?

1

~fL ~ bfT.IL

‘k (deg)
‘O ‘%9X (&g) (de;)

Model configuration
●

(deg)

TWA 64-009 airfoil

Airfoil e20ne 1.09 10.6 I .----- ----- ------ ------

Airfoil and lower-mmface
le~ f~P

1.66 16.2 0.57 5.6 1.20 ------

Airfoil and uppe~ace
leading+dge flap 1.82, 17.8 .73 7.2 151.5 ---..-

Airfoil and trail~dge
flap alone

1.80 5.5 ------ ----- ------ 60

Airfoil trail~dge flap
and lower+mrface 2.61 14.2 .81 8.7 U20 60
leading-edge flap

Airfoil trailka&eage fhp
and uppe~aoe 2.64 14.2 “.84 8.7 151.5 60
leading-edge flap

NACA ~-012 airfoila

Airfoil alone 1.42 14.3 ------ ----- ------ -------

Airfoil emd luweI-mlrfaoe
leading-edge flap

1.54 15.7 O*I2 1.4 lx ------

Mrfoil and upye~ace
lead~dge flap

1.85 18.3 .43 4.0 153 ------

Airfoil ~a trail~dge
flap alone

2.17 9.3 ------ ----- ------ 60

Airfoil trailing+3dge flap
* lowe~ace leading 2.60 13.2 .43 3.9 112 60

le~e f~p

Airfoil trailiwydge flq
and uppe~aoe 2.98 16.2 .81 6.9 153 60
le~dge flap

aData obtained frcm table in text of reference 1. ~.~

.— . .



(a) Side view of the model showing installationof upper-surface leading-edge
flap and lower-stiace trailing-edgeflap.

Figure l.- Photographs of the NACA 64-009 aitioilsection with the O.10c upper-surface
leading-edge flap alone and in combination with the 0.20c traiMng-edge splitflap.
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(b) Three-quarter front view of the model showing the con~our of the uppcw-stiace
leading-edge flap.

Figure 1.- Concluded.
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(a) Three-quarter front view of the model with leadtig-dge roughness showing

the installationof the leading-edge and trailing-edgeflaps.

Figure 3.- Photographs of the NACA 64-009 airfoilsection with the O,10c lower-surface
leading-edge flap alone and in combination with the 0.20c trailing-edge splitflap.
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(b) Side view of the model showing the contom of the lower-surface leadng-edge flap.

F@ure 3.- Concluded.
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